The crust of the south Caspian basin consists of 15-25 km of low velocity, highly attenuating sediment overlying high velocity crystalline crust. The Moho depth beneath the basin is about 30 km as compared to about 50 km in the surrounding region. Preliminary modeling of the phase velocity curves shows that the thick sediments in the south Caspian basin are also under-lain by a 30-35 km thick crystalline crust and not by typical oceanic crust. This analysis also suggests that if the effect of the over-pressuring of the sediments is to reduce Poissons' ratio, the over-pressured sediments observed to -5 km do not persist to great depths. It has been known since the 1960's that the south Caspian basin blocks the regional phase Lg. Intermediate frequency (0.02-0.04 Hz) fundamental-mode Rayleigh waves propagating across the basin are also severely attenuated, but the low frequency surface waves are largely unaffected. This attenuation is observed along both east-to-west and west-to-east great circle paths across the basin, and therefore it cannot be related to a seismograph site effect. We have modeled the response of surface waves in an idealized rendition of the south Caspian basin model using a hybrid normal-made/2-D finite difference approach. To gain insight into the features of the basin which cause the anomalous surface wave propagation, we have varied parameters of the basin model and computed synthetic record sections to compare with the observed seismograms. We varied the amount of mantle up-warp, the shape of the boundaries, the thickness and shear wave Q of the sediments and mantle, and the depth of the water layer. Of these parameters, the intermediate frequency surface waves are most.severely affected by the sediment thickness and shear wave attenuation. Fundamental mode Rayleigh wave phase velocities measured for paths crossing the basin are extremely low.
Introduction
The crust and upper mantle structure of the south Caspian Basin is enigmatic. Early Soviet studies (Gal'perin et al, 1962; Neprochnov et al, 1968; Rezanov and Chamo, 1969; Neprochnov et al, 1970; Yegorkin and Matushkin, 1970) show that the crust of the basin consists of two layers: a thick sedimentary section (15-25 km) with low P-wave velocity (3.5-4.0 km/s) overlying a 12-18 km thick basaltic lower crust. Mangino and Priestley (1998) analyzed receiver functions from teleseismic events recorded on four broadband seismographs of the Caspian Seismic Network (CSN) located on the periphery of the basin (Fig. 1 ) to determine the crustal structure beneath these sites and compared these models with the crustal structure beneath the IRIS seismograph station at ABKT. This study showed that the crust in Turkmenia along the trend of the Apshceron-Balkhan Sill -Kopet Dag Mountains ( Fig. 1 -KRF, NBD, and ABE(T) is 50 km thick. In the southwestern part of the Caspian basin (LNK - Fig. 1 ) the 33 km thick crust consists of a 13 km thick sedimentary section lying on a high velocity (V, N 7.1 km s-r) lower crustal section. In the southeastern part of the basin (KAT - Fig. 1 ) the crust is 30 km thick and consists of a 10 km thick sedimentary section overlying a 20 km thick low velocity (V, N 5.8 km s-l) crystalline crust. Mangino and Priestley (1998) combined the receiver function models with simplified velocity models from the previous Russian Deep Seismic Sounding (DSS) results to form a -1800 km long ESE-WNW trending crustal cross-section across the Kura Depression, the south Caspian basin and the Kopet Dag Mountains (Fig. 1) . The most significant features of this crustal model are the 20 km variation in thickness of Cenozoic sedimentary basin deposits, the absence of a "granitic" (V, -5.8-6.5 km s-i) crustal layer in the central part of the south Caspian basin, and 20 km of crustal thinning beneath the central part of the basin. The Moho beneath the south Caspian basin has a broad arch-like structure whose western boundary is a relatively narrow zone across which the crust thins rapidly (-20 km thinning over a 100 km zone) and whose eastern boundary has a more gradual change in crustal thickness (-20 km thinning over a 400 km zone), Early Soviet studies showed that the regional seismic phase L, was blocked for propagation paths across the south Caspian basin (Savarensky and Valdner, 1960; Mindeli et al 1965) . L, is sensitive to changes in crustal structure along its propagation path and is absent in seismograms after propagating across -150 km of oceanic crust (Press & Ewing, 1952) . Other studies have shown the conversion of oceanic S, to continental L, (Shurbet, 1964 (Shurbet, , 1975 Isacks & Stephens, 1975; Seber et al, 1993) or the conversion of continental L, to oceanic S, (Shapiro et al, 1996) at the continent-ocean boundary. Kadinsky-Cade et al. (1981) demonstrate that L, is blocked for paths crossing the south Caspian Basin while propagating efficiently in the surrounding region. On the other hand, S, propagates efficiently for paths across the south Caspian but inefficiently in the region south and west of the basin. This is clearly demonstrated by the seismograms in Figure 2 for an earthquake near KRF (Fig. 1) on the eastern shoreline of the central Caspian Sea. The crust in the vicinity of the epicenter is about 50 km thick (Mangino and Priestley, 1998) . The Preliminary Determination of Epicenter depth for the event is 40 km but because focal depths in this area are not well constrained, it is not clear whether the event is in the crust or mantle.
Jackson and Priestley (unpublished work) have used waveform modeling to constrain the depth at 45 km, placing it in the crust. The seismogram at LNK on the southwestern coastline shows an impulsive S, phase but little energy in the L, group velocity window. The crust between KRF and ABKT has nearly a uniform thickness of 50 km. The seismogram at ABKT shows an S, and L, phase typical of that seen on stable continental paths. The seismogram at KAT near the southeastern coastline is anomalous, with a clear S, phase which is followed by a high amplitude long duration coda.
In this report we examine surface wave propagation across the south Caspian basin.
We show that the fundamental mode Rayleigh wave phase velocities are extremely low and that intermediate frequency fundamental mode surface waves propagating across the south Caspian Basin are severely attenuated. We examine the effect of the south Caspian basin structure on the propagation of surface waves by computing finite difference synthetic surface wave seismograms for an idealized rendition of the south Caspian basin crustal model shown in Figure 1 . We then vary the crustal and upper mantle parameters of the idealized model and recompute the synthetic seismograms to examine which of these parameters most influence the surface wave propagation across the basin.
Surface wave observations
We have determined inter-station phase velocity dispersion curves from teleseismic surface wave trains for the paths KRF-LNK, LNK-KAT, and KAT-KRF (Fig. 1) . The phase velocity measurements were made using the constrained least-squares method of Gomberg et al (1988) A number of seismogram pairs can be used simultaneously to estimate the phase velocity by taking the least-squares solution. The shape of the phase velocity curve can be constrained by limiting the final group velocity to be within some specified range of the starting model group velocity. The phase term is computed by solving for a correction vector to an initial "assumed" earth model. The data are weighted in the least-squares solution by a weight matrix consisting of a subjective weight factor, which depends on the relative quality of each pair of recordings and on the squared coherence of the data.
The amplitude of high frequency (>0.04 Hz) surface waves for distant earthquakes is small and correlation of these for propagation paths across the south Caspian basin is difficult. In order to extend the dispersion curves to higher frequencies we use the method of Brune, et al (1960) to determine the phase velocity from events occurring within and on the boundary of the basin. The phase velocity curve may be obtained for a dispersed wave train provided the initial phase is known. We have chosen the initial phase so that the phase velocities at the lowest frequencies in the single station determination will match the phase velocities of the highest frequencies determined by the inter-station method; we then extended the curve to higher frequency, assuming that initial phase is not a function of frequency. Any variation of initial phase as a function of frequency introduces only a small error in phase velocity since the frequency used is high. Poor epicenter location may cause some error in the high frequency part of these data. The uncertainty in the value of phase velocity at any given frequency estimated from this data is probably about 0.03 km/see. Figure 3 compares the fundamental mode Rayleigh wave phase velocity dispersion curve for the south Caspian basin with phase velocity curves measured in two other regions of thick sediments, the Bengal Fan in the northern Indian Ocean (Brune and Singh, 1986 ) and the Barents Sea (Levshin and Berteussen, 1979; Chan and Mitchell, 1985) . The sediments in the northern Bay of Bengal are -22 km thick (Brune et al, 1992) The idealized south Caspian basin model used in the finite difference computation is shown in Figure 5 and the parameters of the model are tabulated in Table 1 the receiver function analysis (Mangino and Priestley, 1998) . These seismograms show an enhancement of the high-pass waveform but there is little effect on the low-pass waveform.
This shows up in the spectral ratio as a spectral resonance peak at about 0.04 HZ. Halving the sediment thickness increases the frequency of this peak slightly, but it primarily reduces the amplitude of the spectral peak. Figure 9 compares the observed fundamental mode Rayleigh wave spectral ratio between stations LNK and KAT and the phase velocity dispersion for the south Caspian basin (Fig. 3) with the spectral ratios and phase velocity dispersion for the various finite difference models.
The dispersion curves are included only for reference since the finite difference models are oversimplified in terms of the velocity structure. The KAT-LNK spectral ratio is near one at 0.01 Hz. Between about 0.017 and 0.033 Hz the spectral amplitude decays by more than a factor of three. At frequencies higher than 0.033 Hz the spectral ratio increases with a peak near 0.05 Hz. The upper panel of Figure 9 shows that increasing the sediment thickness to Hz band in the synthetic seismograms to the degree seen in the KAT-LNK seismograms.
Discussion and Conclusions
The south Caspian is an actively subsiding basin with extremely high rates of Cenozoic sedimentation, in some places as high as 1,300 m/my. Figure 1 shows that the basin contains an enormous thickness of sediments, as much as 25 km in the deepest parts. Borehole data in the Caspian Sea south of Baku show that to at least 5 km depth these sediments consist of both sand and shale ,beds that have pore-fluid pressure substantially in excess of hydrostatic fluid pressure (Bredehoeft et al, 1988) . This high pore-fluid pressure is the likely cause of The solid inverted triangles denote CSN stations used in the receiver function study of Mangino and Priestley (1998) ; the solid black lines denote the location of DSS profiles used by Mangino and Priestley (1998) 
